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Abstract 
In the current Concentrated Solar Power (CSP) context, where Central Receiver System (CRS) technology seems to be the most 
promising CSP technology with the highest cost reduction potential, CENER and IK4-TEKNIKER have joined efforts to develop 
an innovative heliostat concept within the framework of the EASY (hEliostats for eAsy and Smart deploYment) project, which 
will make it possible to reduce costs down to 100$/m2.  
The current work presents, the strengths of the EASY concept in comparison to current state-of-the-art technology available 
today. Furthermore, the most significant development lines and advances carried out within the EASY project are described, as a 
first introduction of an innovative work that is being further developed.  
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1. Introduction 
Power towers are often predicted to be the most cost-effective Concentrating Solar Power (CSP) technology for 
producing solar-generated electricity on a large scale [1]. Some of the main reasons why this technology is capable 
of reaching lower costs than other technologies like Parabolic Trough (PT) are cited below: 
x This technology is capable of reaching higher concentration ratios, getting to higher temperatures, and thus 
higher efficiencies 
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x The Heat Transfer Fluid (HTF) circuit and receiver are not arranged on the solar field, but located at the 
tower, reducing the size of the installation thus reducing as well the total cost of these systems and thermal 
losses.  
x In the case of using molten salts as HTF and storage fluid, there is no need of using a heat exchanger as it 
happens with other fluid configurations, so thermal losses on this element are avoided, the plant scheme is 
simplified and costs, reduced. Furthermore, due to the high temperatures reached by CRS, the storage system 
is available at the most competitive cost among the CSP technologies, as the storage specific cost for storing 
thermal energy is the lowest. It is thus possible to have these plants operating up to twenty-four-hours a day 
through the integration of a cost-effective large thermal energy storage system, which is already 
technologically available.  
However, due to the scarce level of maturity of CSP systems, investment costs are still high, although they have a 
wide cost reduction potential for the following years. Investment needed for the solar field of a typical power tower 
solar thermal plant involves around 50% of the total capital cost [2][3]. That means heliostats are one of the most 
important cost elements of a power tower plant, and this fact has made cost reduction of these elements become the 
main target for many actors of the solar thermal sector. This cost reduction, if achieved, will significantly improve 
the economic viability of solar power towers.  
Current lines of research on heliostat development follow two main trends:  
x The first trend explores the development of bigger heliostats that take as much advantage as possible from 
expensive high-tech components and benefits from a reduced number of items and, therefore, lower specific 
operation and maintenance costs.  
x The second trend, considers the development of small size heliostats, which benefit from using high volume 
manufacturing (cost-effective components), simpler configuration (no need for canting, easy installation and 
minimal on-site labor), guaranteeing the same level of quality with cheaper components manufactured at mass 
production factories. 
In a context where none of these trends seem to be determining, developers position themselves towards one or 
another direction, with justified reasons. CENER and IK4-TEKNIKER have joined together to develop and launch 
the EASY (hEliostats for eAsy and Smart deploYment) project, where the analysis and design of an innovative and 
cost effective small size heliostat is being carried out. 
2. Background 
A number of designs for heliostats have been developed along the last years. Although most of them correspond 
to large heliostats, well over 20 m2 per tracking system [4], there had been smaller designs [5][6][7][8][9] like those 
manufactured by Gher S.A (Hellas 19 m2), DLR (Heliko 16 m2), Bright Source (2x7.2 m2), Solar Tower Systems 
(7.2 m2), Supcon Solar (2 m2), eSolar (1.14 m2) or even smaller like the boxed array of 25 small parallel arranged 
mirrors with a size of 10 x 10 cm2 each, proposed by the Solar-Institute Jülich. 
Regarding the driving mechanisms, gear transmissions have been the most commonly used drive over the years, 
especially worm-gears [4]. A different system is the linear actuator and has been already used in smaller size 
heliostats.  
An important characteristic of gear transmissions is the backlash and this directly affects the tracking precision. In 
order to minimize the backlash, very accurate components or preloading systems are necessary, thus increasing the 
cost of the driving mechanisms. For this reason, the main trend has been to make big heliostats to compensate for the 
expensive mechanisms. 
Alternative reduction stages include chains (e. g. EURODISH tracker), belts or cables [10] that can be cheaper 
but in these cases bigger spaces are required so the final reduction stage can be limited. Moreover, they can be more 
exposed to the elements. Therefore, drive system selection is not a straightforward issue. 
 
Heliostat calibration is another active research area with different solutions. One solution is presented in [11], 
where a camera is observing the projected image of the sun reflected by a heliostat. As the position of each heliostat 
is known it is possible to calculate the actual orientation of the heliostat (see Figure 1a). As only the projection is 
observed, the actual position of the camera does not need to be known, which makes it a very simple setup. 
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However, one big drawback is that only one heliostat at a time can be calibrated, which makes this technique more 
suited for fields with a low number of heliostats. Furthermore, as the goal is to develop low costs heliostats, it is very 
likely that the support structure is not very stiff and will undergo small deformations over time, thus, the positions of 
the heliostats may change.  
Another approach is described in [12], where the edges of each heliostat are detected by means of image 
processing (see Figure 1b) with a camera mounted on the tower and looking into the heliostat field. This technique 
allows calibrating multiple heliostats at the same time. However, the precision required for the edge detection is very 
high and thus limits the practicability of this approach. In order to detect the edges of heliostats a few hundred 
meters away from the tower, the camera would require a big focal length, resulting in a small field of view and, 
therefore, many cameras are required to capture an entire heliostat field. Another drawback is that it would only 
calculate the orientation of the heliostat structure and not of the mirror, i.e. the optimal orientation of the heliostat 
might slightly deviate from the calculated due to deformations of the mirror. 
In [14] a camera is put onto the receiver to capture the reflected sunlight of each heliostat. Each heliostat is then 
moved to give the brightest reflection, resulting in an optimal orientation. While in theory this is a good solution, its 
practical use is limited. Directly reflecting the sunlight onto a camera will lead to overexposure and doing so for 
many heliostats to significant heat flow onto the camera, required extensive cooling and also reducing the receiver 
area thus reducing the efficiency of the tower. Based on the work in [13] an extension to this technology has been 
proposed where the camera is not located at the center of the receiver but around it (see Figure 1c). The orientation 
of each heliostat is then calculated from the reflected circumsolar radiation instead of the direct radiation, 
significantly lowering brightness and heat flow onto the camera. However, to infer the actual orientation from the 
brightness captured by each camera requires proper calibration as it is a non-linear process and it depends, for 
instance, on ambient conditions. It is a very promising approach; however, more research is needed. One solution is 
presented in [9], where the heliostats reflect the light directly onto the camera, however, the camera is not located on 
the receiver but at the sides of the heliostat fields and instead of calibrating all heliostats at once, only few reflect the 
sunlight onto the camera at the same time. This avoids the issues from [14], however, at the cost of only calibrating a 
few heliostats at the same time. Considering that a field of small-sized heliostats usually consists of thousands of 
reflectors this approach currently takes days to calibrate the full field and also has to be done during field operation, 
therefore, slightly reducing the field performance.  
 
 
Figure 1: a) Analysis of projected sun-shape [11], b) Border detection of heliostats [12], c) Evaluation of circumsolar radiation [13]. 
3. The EASY concept 
Current CRS commercial plants have implemented big size heliostats in their solar fields. The investment costs 
breakdown associated to these plants show that the solar field can contribute up to 50% of the total costs of the plant. 
One of the trends that aims at reducing this fraction of the total costs is the development of small heliostats, with 
simpler tracking mechanisms with the associated penalty of reaching lower accuracy levels. 
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Large heliostats pointing errors are determined by canting errors (>1 mrad) as well as bending deformation of the 
structure due to weight and big wind loads intercepting the reflective surface (>1.7 mrad for the reflected ray) [15]. 
On the contrary, small single facet heliostats can reduce this kind of errors to nearly zero at no cost. Errors due to 
mirror imperfections or mirror deformations will be similar for large or small heliostats. 
 
As a consequence, when talking about small heliostats, requirements related to tracking drives can be relaxed and 
cheap drives massively produced for high volume markets could be used if a proper design is selected. Moreover, as 
explained later, structure requirements and foundations can be also relaxed providing that a proper calibration 
system is implemented. As a consequence, heliostat costs can be drastically reduced.  
Regarding costs of large heliostats, the most expensive part of the heliostat is the azimuth drive [2]. The heliostat 
support structure must be designed to survive wind-loads and, therefore, this item is relevant for the final total costs. 
As suggested before, these costs can be greatly reduced for single facet heliostats: among other reasons, a small 
heliostat has less area exposed to wind effects and is located closer to the ground, where wind speeds are lower. 
On the contrary, costs related to wiring and controls will be higher and, therefore, specific analyses of suitable 
configurations have been addressed. Moreover, costs for electronics are supposed to decrease with time while 
performance is supposed to increase. Thus, relative cost of this part will be lowered with time.  
Within this context, CENER and IK4-TEKNIKER have joined efforts to deeply explore this trend, heading 
towards a significant heliostat cost reduction (heliostat total cost expected of less than 100$/m2) by analyzing and 
developing innovative concepts within EASY (hEliostats for eAsy and Smart deploYment). A thorough analysis of 
the power tower market has been carried out in order to gather valuable information to be used as a basis for the 
specifications demanded to the new heliostat developed. The innovative heliostat will thus take advantage of high 
quality features at a lower cost, by considering simpler components that guarantee suitable performance throughout 
their useful lifetime (~25 years). Furthermore, the development of a small size heliostat is more cost effective as it 
leads to a reduced cost on testing equipment making it possible to test a wide number of units at full scale at a 
reasonable cost, providing additional guarantees to the design. 
4. Activities performed 
4.1. Development of a new driving mechanism 
The driving mechanism for both the azimuth and elevation axes of the heliostat will consist of a cheap electrical 
gear motor followed by a second reduction step. Several ways of doing this reduction step have been analyzed in 
order to identify their limits and evaluate benefits and drawbacks. In order to test these ways of transmitting the 
rotary motion from the motor to the mirror, a test bench has been made. The bench allows testing the different 
solutions from the point of view of stiffness, accuracy, repeatability, speed, driving torque, strength, energy 
consumption, sensitivity to manufacturing or mounting errors, etc, in specific tests and also by the simulation of real 
tracking under real wind loads. The experiments in the test bench help to compare and choose the most appropriate 
driving mechanism and develop the design of the chosen one.  
The bench was designed to test different driving mechanisms (belts, chains, wire, direct gear motor, etc). A new 
driving system can be easily installed in the proper configuration by reassembling a limited number of parts for 
adjusting axis position. 
The test bench is shown in Figure 2. It consists of: 
 
x A precise and stiff structure that enables to characterize driving mechanisms avoiding influence of other 
possible sources of error. 
x A completely adjustable support for the input axis where driving electric motors and pulleys or sprocket-
wheels can be easily fitted. 
x An output axis which contains a big pulley that can be driven by means of belts, chains, wires, etc. in order to 
achieve the necessary reduction step. Unlike the test bench, the final heliostat design would have only a portion 
of a pulley placed behind the mirror, the necessary to move the mirror up to 140º. 
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x Apart from this, the output shaft is prepared to directly attach gear motors. This alternative, which is more 
compact and avoids the use of the pulleys, is being also studied. 
x A precision angle encoder to accurately measure the output angle. The real position of the axis can be recorded 
during the tests, thus letting us observe the tracking error caused by the transmission mechanism and the drive 
motor at every moment. 
x A servomotor attached to the output shaft that can apply a constant or a time dependent torque. Thus wind 
loads or friction loads can be reproduced.  
x A control system that can acquire either signals from the driving mechanism to be tested (i.e. angle set-up, 
power consumption, etc.) or control signals from the bench itself (i.e. actual output angle, applied torque, etc.) 
so that performances can be easily evaluated.  
Moreover recorded information allowed not only to characterize the accuracy, repeatability and other 
performances but also to have deep insight of the original causes of those errors. 
 
 
Figure 2: Different views of the test bench for driving mechanisms. 
After a preliminary study of different driving mechanisms using chains, belts or cables, with regard to different 
aspects such as achievable precision, manufacturing costs, stiffness, durability, etc, a cable system has been chosen 
as the first alternative to test.  
Cable transmission is potentially the cheapest mechanism and has important advantages: it has quasi no backlash 
and works with high efficiency [16]. On the other hand, there are some aspects that can compromise the precision 
and that have to be carefully studied. Sufficient cable tension and friction between the cable and the pulley has to be 
guaranteed to avoid sliding. Moreover, the used cable consists of individual wires, and when loading this kind of 
cable, not only elastic stretch occurs, but also constructional stretch. This means that during the first rotations with a 
new cable, it can get loose until it stabilizes, thus reducing the initial preload. 
After the first unsuccessful tests and several redesigns in the system, good results have been already obtained. 
An example of the results of a test is shown in Figure 3. During the test, the output axis is rotated back and forth 
many times. The tracking error can be then calculated from the readings of both the encoder of the motor and the 
precision encoder placed directly in the output axis. As can be seen in Figure 3, the differences between the 
positions calculated with the two encoders are within the ±1mrad band. 
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Figure 3: Tracking errors obtained at one of the tests performed. 
4.2. Development of a fast and cheap heliostat calibration system 
To relax the requirements on the quality of the physical setup and, therefore, to be able to use cheaper 
components but still achieve high concentration levels at the receiver, a good calibration of the heliostats is needed. 
The easier and faster a calibration can be done, the less long term precision of the mechanical setup is required. This 
includes the repeatability of the motor, which is susceptible to drift. Also, as a heliostat is a two axis tracker, the 
orthogonality of both axes might get lost over the years. Also the structure holding the mirror and the motor will be 
influenced by wind-load or pure mechanical stress over time, which may cause it not to be straight anymore, but a 
bit bended. Furthermore, the foundation of the heliostat might also be subject to degradation effects. Detecting and 
correcting such effects is a crucial part of a high efficiency plant operation, as according to [15] those effects can 
sum of to a reflection error of 0.5mrad. If, for instance, a calibration of the heliostat field is performed every week, 
the driving mechanism would only need to ensure high precision repeatability for one week, therefore, significantly 
reduce drifting problems of the motor. Having less strict requirements on the mechanical construction of the 
heliostat allows for a cheaper solution, thus, reducing the overall price of the heliostat, making an economical 
operation of the plant more viable. 
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Figure 4: Heliostat used for testing calibration algorithm. 
The aim of the proposed calibration procedure is to perform calibration at short intervals; hence, it is important to 
minimize interference with energy production of the plant. To meet this requirement the system is capable of 
performing the calibration during idle times of the plant, which corresponds to the time between late afternoon and 
early morning. The developed prototype (see Figure 4) features an innovative calibration system based on computer 
vision to achieve the necessary precision required (see Figure 5). The integrated calibration system developed 
consists of a set of cameras, a target and control software. Each of these subsystems interacts with the others through 
continuous communication in order to execute the global calibration of the solar field. This integration allows 
determining the exact position of each heliostat from images acquired from the set of cameras installed. The system 
is designed to require a minimal setup in the power plant by implementing advanced techniques for post-processing 
the data, but still resulting in high precision results. Performing the calibration in this way allows large amounts of 
heliostats to be calibrated at the same time. However, care has to be taken to avoid blocking between heliostats 
while calibrating. The algorithm takes the possible overlap between adjacent heliostats into account by only 
calibrating non neighbouring heliostats. Possible interferences which can lead to miss-detections of the target, for 
instance caused by other objects within or near the plant site, are detected and compensated for by the image 
processing algorithm. Once the target has been detected in a heliostat a fine adjustment is performed to optimally 
position the target within the mirror. Note that this process is being carried out for many heliostats at the same time, 
thus significantly reducing the overall calibration time for the solar field. Also by being able to perform the 
calibration during plant idle time, the influence on plant performance can be reduced to a minimum. Due to this, 
calibrating an individual heliostat is not a time critical operation, which allows achieving higher precision with 
fewer resources.  
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Figure 5: Required angular precision of a 1mx1m heliostat to reflect the sun onto a 2mx2m  
receiver according to the distance between heliostat and receiver. 
From the information of the heliostat position and the detected target position within the camera image, the actual 
orientation of each heliostat is calculated. The orientation can be solved by calculating the only possible orientation 
for each heliostat under which the target is reflected in the perceived way. In general there will be a deviation 
between the calculated orientation and the orientation as reported by the driving mechanism. This offset needs to be 
corrected to achieve the optimal orientation of the heliostat for plant operation. For this purpose, the rotation axes of 
the motors and the pedestal and mirror position are recalculated making it possible to fully re-define them 
(orthogonality, horizontality, tilt, etc.) and apply an offset correction to the heliostat control software, thereby 
ensuring optimal alignment of all heliostat within the field. One advantage of this method is, that the actual mirror 
orientation is optimized and not only the support structure orientation. In an ideal setting these two would be the 
same, however, due to manufacturing inaccuracies or degradation over the years (factors usually encountered while 
lowering costs) the mirror might be canted or deformed and thus have a small offset to its assumed orientation. By 
calculating the heliostat orientation from actual reflection, a true optimal orientation for reflecting the sunlight can 
be calculated, thus giving the highest possible flux onto the receiver.  
4.3. Development of the final heliostat design 
In a third development line, the final heliostat design is being analyzed by studying in depth different aspects that 
may have a significant importance in the day by day operation of the heliostat. These aspects are, among others, the 
following: wind load effects, cost effective foundation, mechanical heliostat aspects and field electricity supply.  
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Figure 6: Heliostat prototype design for wind load measurements. 
One of the most important aspects to take into consideration when thinking about the final heliostat design is the 
wind load effects. These loads affect mainly the tracking mechanism, which is the component that would have to 
withstand this effect ensuring a proper operation, maintaining certain accuracy for the correct focusing of the 
sunspot on the receiver and ensuring that the heliostat can reach the stow position under high wind loads. In order to 
analyze this aspect and evaluate the quality and durability of the driving mechanism of the EASY heliostat, a 
simplified prototype has been designed and manufactured specifically to monitor wind load effects. This prototype 
counts on a simplified configuration that makes it possible to measure bending moments and torque with a high 
sensitivity level, thanks to the weakened structure monitored by a set of strain gauges (see Figure 6). Additionally, it 
allows performing measurement campaigns at different azimuth and elevation angles of the heliostat, providing a 
wide flexibility on the test configurations.  
This heliostat simplified prototype, designed specifically for wind load effects measurement, has been anchored 
to the ground with a KRINNER ground screw system foundation at a location with a rich wind resource, carefully 
chosen for this activity (Figure 7). The system is being monitored under different real wind load conditions with a 
system that enables the automatic data acquisition and data transfer through a server, storing the data onto a hard 
disk drive. This process aims to get a more reliable mechanical design of the EASY heliostat. 
 
 
Figure 7: Weibull distribution of wind speed at the location chosen for the tests. 
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4. Conclusions and future 
This article presents the joined effort of CENER and IK4-TEKNIKER within the EASY project for the analysis 
and design of an innovative and cost effective small size heliostat. Costs saving potentials, made possible by 
employing small sized heliostats in contrary to the trend of using larger heliostats, have been presented. Parallel 
development lines, including a new driving mechanism, an automated calibration system and the heliostat design 
considering wind effects have been illustrated. First experiments show promising results, however, more tests, 
especially under real conditions, are required.  
Future work will, therefore, include an analysis of the different studies performed at demonstration scales, which 
will be done by the end of the current year. Further field tests are planned and should be executed during the next 
months. 
Even so no large-scale tests have been performed, the EASY concept, up to now, seems to be a promising 
development line and it is expected that already during early stages the cost reduction goal of 100$/m2 will be 
reached. Further savings will be reached by applying mass production techniques. 
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